Introduction The first 1000 days of life is a period of great potential and vulnerability. In particular, physical growth of children can be affected by the lack of access to basic needs as well as psychosocial factors, such as maternal depression. The objectives of the present study are to: (1) quantify the burden of childhood stunting in low/middle-income countries attributable to psychosocial risk factors; and (2) estimate the related lifetime economic costs. Methods A comparative risk assessment analysis was performed with data from 137 low/middle-income countries throughout Asia, Latin America and the Caribbean, North Africa and the Middle East, and sub-Saharan Africa. The proportion of stunting prevalence, defined as <−2 SDs from the median height for age according to the WHO Child Growth Standards, and the number of cases attributable to low maternal education, intimate partner violence (IPV), maternal depression and orphanhood were calculated. The joint effect of psychosocial risk factors on stunting was estimated. The economic impact, as reflected in the total future income losses per birth cohort, was examined. results Approximately 7.2 million cases of stunting in low/ middle-income countries were attributable to psychosocial factors. The leading risk factor was maternal depression with 3.2 million cases attributable. Maternal depression also demonstrated the greatest economic cost at $14.5 billion, followed by low maternal education ($10.0 billion) and IPV ($8.5 billion). The joint cost of these risk factors was $29.3 billion per birth cohort. Conclusion The cost of neglecting these psychosocial risk factors is significant. Improving access to formal secondary school education for girls may offset the risk of maternal depression, IPV and orphanhood. Focusing on maternal depression may play a key role in reducing the burden of stunting. Overall, addressing psychosocial factors among perinatal women can have a significant impact on child growth and well-being in the developing world.
InTroduCTIon
Early childhood is a period of tremendous potential and vulnerability. In particular, research has shown that the first 1000 days of life, prenatally through 2 years of age, are critical with respect to children's physical development. 1 The rapid growth trajectories of the first 2 years of children's lives make infants and
Key questions
What is already known?
► The first 1000 days of life is a period of significant potential as well as vulnerability; physical and psychosocial adversity can have a substantial impact on early childhood growth and development. ► Studies in a number of resource-limited settings have demonstrated associations between psychosocial risk factors, such as maternal depression and intimate partner violence (IPV), on childhood stunting.
What are the new findings?
► The present study advances this knowledge by estimating the effect of psychosocial risk factors on childhood stunting in 137 countries in the developing world-we observed that maternal depression resulted in the largest number of cases of childhood stunting (3.2 million), which was followed by low maternal education (2.9 million) and IPV (2.1 million). ► The joint number of childhood stunting cases attributed to these factors was 7.2 million and the cost of not addressing these factors was estimated to be $29.3 billion for each birth cohort of children.
What do the new findings imply?
► The cost of inaction is substantial in terms of future revenue lost to economies in the developing world, and for the long-term health and well-being of children as they transition into adulthood. ► Advancing access to formal education for girls, addressing violence against women and increasing access to care for maternal depression have the potential to significantly reduce childhood stunting and enhance the health and well-being of future generations.
BMJ Global Health
young children particularly vulnerable to disruptions in their environment. Food insecurity, poor complementary feeding, lack of potable water, poor housing conditions and the high burden of illness that accompanies chronic poverty create an environment that can negatively affect children's educational attainment and economic security in the long term. 2 3 The limited resources available to children in low/ middle-income countries are often exacerbated by frequent exposure to psychosocial risk factors threatening healthy physical development. Psychosocial risk encompasses a broad range of factors including parental depression and other mental health problems, intimate partner violence (IPV), child abuse, parental use of alcohol and/or other substances particularly during pregnancy, low maternal education and orphanhood, among other factors. 2 The combination of environmental and psychosocial adversity can result in 'toxic stress' for young children, inducing permanent harm on children's developmental trajectories. 4 Although the impact of these psychosocial risk factors on children's physical development has been evaluated in epidemiological studies in a number of low/middle-income country settings, 3 5 to date there has been no comprehensive analysis that quantifies the individual and combined effects of these factors at the population level in low/middle-income countries. Therefore, the primary goal of this study is to provide estimates of the impact of psychosocial risk factors on childhood physical growth. To do so, we estimate the proportion and number of stunting cases among children 2 years of age that are attributable to psychosocial risk factors in 137 low/ middle-income countries. The long-term economic costs related to the effects of these factors are also evaluated.
MeTHods
We estimated the burden of stunting among children 2 years of age that is attributable to psychosocial risk factors in each of the 137 low/middle-income countries. Stunting was defined as <−2 SDs from the median height for age according to the WHO Child Growth Standards. 6 The list of countries classified as low/middle income was based on the Global Burden of Disease, Injuries, and Risk Factors 2010 Study 7 (country list available in online supplementary appendix table 1). We used estimates of the prevalence of stunting among children under 5 years of age for each country as published from the 2011 Nutrition Impact Model Study (NIMS). 8 To estimate the number and prevalence of stunting among children 2 years of age, we needed to adjust the NIMS estimates to be accurate for our age group of interest. To do so, we calculated the ratio of stunting among children 24-35 months of age: 0-59 months of age using 104 surveys available from the WHO Global Database on Child Growth and Malnutrition. 9 For the 33 countries without surveys, we used population-weighted subregional averages to generate a correction factor (additional description is available in online supplementary appendix). For the estimates of the population size of children 2 years of age we used the United Nations Population Division World Population Prospects 2015 Revision. 10 Identification of risk factors, effect sizes and exposure data sources The psychosocial risk factors identified for the study were based on what is currently known about psychological and social factors that can lead to 'toxic stress' and result in poor childhood growth and development. With regard to psychological factors, maternal depression, parental alcohol/substance abuse, IPV and child abuse are factors that place a child at risk of toxic stress. 3 11 The social context, such as being an orphan or suffering from economic insecurity related to low parental education, can also place young children at risk of toxic stress and can lead to stunting. 3 12 The psychosocial risk factors considered were: maternal depression, IPV, child abuse, parental use of alcohol, parental use of other addictive substances, low maternal education, low paternal education and orphanhood.
A comprehensive literature review of these risk factors was performed in PubMed by two master's degree level research assistants and was verified by the study's lead author. The following search terms were used: ('height' or 'length' or 'head circumference' or 'child growth' or 'infant growth' or 'stunted' or 'stunting' or 'heightfor-age') and ('maternal depression' or 'maternal depressive symptoms' or 'parental education' or 'maternal education' or 'paternal education' or 'mother's education' or 'father's education' or 'violence' or 'domestic violence' or 'IPV' or 'intimate partner violence' or 'child abuse' or 'childhood abuse' or 'childhood violence' or 'childhood neglect' or 'child neglect' or 'abused child' or 'abused children' or 'alcohol abuse' or 'alcohol use' or 'alcohol consumption' or 'substance use' or 'substance abuse' or 'marijuana' or 'cocaine' or 'drug use' or 'drug abuse' or 'orphans' or 'parental death' or 'maternal death' or 'paternal death' or 'orphan' or 'death of mother' or 'death of father' or 'maternal mortality'). The number of articles for each of the identified risk factors was as follows: maternal depression (n=74); IPV (n=20); child abuse (n=318); parental use of alcohol (n=1378); parental use of other addictive substances (n=1870); low maternal or paternal education (n=728); and orphanhood (n=28).
Based on this literature search, only one study was identified that performed a formal meta-analysis on the association between maternal depression and childhood stunting. 13 Since this was the only meta-analysis, studies that were based on analysis of Demographic and Health Survey (DHS) data across a broad range of low/ middle-income countries were used for other psychosocial variables, including low maternal education, 14 IPV 15 and orphanhood. 16 For other psychosocial risk factors that did not have a meta-analysis or DHS data across a number of low/middle-income countries, including BMJ Global Health child abuse, parental use of alcohol and parental substance abuse, insufficient information was available on exposure prevalence to include them in the study. In addition, paternal education was not included in the analysis given the limited information on the relationship of this factor with stunting. Therefore, the four psychosocial risk factors included in this study were: (1) maternal depression; (2) IPV; (3) maternal education; and (4) orphanhood.
Our analysis also required estimates of the prevalence of exposure to each of the four psychosocial risk factors from as near to 2010 as possible for 137 countries. We derived these estimates from the most recent published literature and available databases with high country coverage. Estimates of maternal educational attainment were available for 109 low/middle-income countries (28 countries, primarily small island nations, had missing values) from the Barro and Lee 17 and the Education, Reconstruction and Projections databases. 18 For maternal depression, estimates were available from the Global Burden of Disease Study for 136 countries. 19 For countries with missing exposure data for these two risk factors, available estimates from within the same subregion or region were averaged and used as the country-level estimates. For IPV, exposure estimates were only available at the regional level, and for orphanhood, results were available for only 45 countries, so the analysis was limited to this set of countries. See table 1 for the operational definition of the included risk factors and sources of data on exposure and effect sizes.
statistical methods
We estimated the population attributable fraction (PAF) of stunting, which quantifies the proportion of stunting prevalence (or cases) attributable at the population level to the risk factor of interest. 20 21 These methods are widely used for estimating the burden of disease attributable to risk factors independent from one another (holding other risk factors constant), as described elsewhere. 22 Estimating PAFs requires data on the exposure prevalence of the risk factor of interest and the relative risk (RR; here approximated by the OR) of stunting given exposure to the risk. The formula is as follows:
where RR i is the relative risk (or OR) of stunting comparing category i with the reference (or optimal exposure) category and P i is the prevalence of exposure to the risk factor. To estimate the combined impact of maternal depression, IPV and low maternal education we used a simple relationship to estimate the joint PAF while preventing 'double counting', as a single case of stunting can be attributed to more than one risk factor.
14 The relationship is captured by the formula below which assumes that there is no correlation and no effect modification for RRs.
where PAF i is an individual PAF for a risk in group j, and all individual risk factors (from 1 to R) in group j are combined using the formula above to estimate PAF j , which is the fraction of stunting attributable to all the risk factors in group j. Some of the effect of IPV on stunting may be mediated through maternal depression. 23 24 In order to account for this, we calculated the direct effect of IPV on stunting (ie, not through maternal depression) by removing 25% of the excess RR of IPV. Since the precise magnitude of the mediation of IPV through maternal depression is Figure 1 The number of attributable stunting cases in children aged 2 in 137 low/middle-income countries in 2010, by risk factor and region. Effects are not additive because each case of stunting can be attributed to more than one risk factor.
unknown, we present online supplementary appendix table 2 which shows the results of a sensitivity analysis that varies the proportion of the effect of IPV on stunting that is mediated through maternal depression.
We estimated the prevalence of stunting and number of stunting cases attributable to a given risk factor by multiplying the corresponding PAF by the prevalence or number of stunting cases among children age 2 in each country. We estimated the prevalence of stunting among children age 2 as described above. Data on population of children at age 2 (ie, 24-35 months) were from the United Nations Population Division. 25 To quantify the economic burden caused by these early life growth restrictions, we followed the model developed in Fink et al 26 and computed the net present value of total future income losses per birth cohort in each country attributable to each risk factor. Given that our risk factor analysis focused on stunting as an outcome whereas the paper cited above focused on height-for-age z-score (HAZ), we relied on the fact that there is a roughly linear relationship between stunting prevalence and average HAZ (see online supplementary appendix for method description). To assess uncertainty we used a bootstrapping algorithm and generated 1000 independent random draws from each input to estimate PAFs, attributable stunting and economic returns for each random draw. The 95% CIs were calculated by using the 2.5th and the 97.5th percentiles of the draws. Additional detail on statistical analysis is provided by Danaei et al. 22 STATA SE V.13.1 was used for analysis. resulTs Overall, the combined effect of maternal depression, IPV and low maternal education indicated that 7.2 million (95% CI 4.4 to 11.5 million) cases of stunting among 2 year-olds were attributable to psychosocial risks (of 44 million stunting cases among children aged 2 overall in the developing world) (figure 1). Among these factors, maternal depression was the leading risk factor with 3.2 million cases (95% CI −22 000 to 7.8 million). The risk factor with the second highest number of cases was low maternal education, with 2.9 million (95% CI 2.6 to 3.1 million), while IPV was associated with 2.1 million (95% CI 1.6 to 2.6 million) cases of stunting globally (table 2) .
Regionally, South Asia and sub-Saharan Africa demonstrated the highest number of cases of child stunting attributable to maternal depression, IPV and low maternal education jointly (both at 2.8 million; 95% CI for South Asia 1.7 to 4.5 million; 95% CI for sub-Saharan BMJ Global Health 
Africa 1.8 to 4.3 million).
For maternal depression, the largest number of attributable stunting cases was in South Asia (1.2 million; 95% CI −8000 to 3.0 million) and sub-Saharan Africa (1.1 million; 95% CI −8000 to 2.8 million). South Asia had the largest number of cases of stunting attributable to IPV, and sub-Saharan Africa had the highest number of cases attributable to low maternal education (table 2) . Figure 2A demonstrates the stunting prevalence attributable to low maternal education, with Niger, Burundi, Ethiopia, Afghanistan and Yemen experiencing the highest burden, ranging from 5.5% to 7.1%. These countries were followed in magnitude by Chad, Mozambique, Guinea, Rwanda and Central African Republic, which had attributable prevalence estimates of 4.7%-5.2%. The pattern was somewhat different for maternal depression. Afghanistan demonstrated the highest stunting prevalence attributable to depression (15.8% (95% CI −0.1% to 32.1%)), followed by Yemen (6.5% (95% CI −0.05% to 15.4%)). A significant burden of maternal depression on stunting was observed throughout sub-Saharan Africa and parts of South and Southeast Asia, ranging from 2% to 6% (figure 2B). For IPV, Central African Republic, Democratic Republic of the Congo, Niger and Burundi and had the highest attributable prevalence (3%-4%). These were followed in magnitude by countries largely in sub-Saharan Africa (eg, Angola, Eritrea, Ethiopia) and South Asia (eg, Afghanistan) (figure 2C). Lesotho, Central African Republic, Swaziland and Zambia demonstrated the highest prevalence attributable to orphanhood (all greater than 0.02%). This was closely followed by Mozambique, Malawi and Niger (0.017%-0.019%) ( figure 2D ). Figure 3 shows the combined effect of maternal depression, IPV and low maternal education on stunting. Afghanistan demonstrated the highest overall burden of stunting related to these risk factors (attributable prevalence 21.5%; 95% CI 7.5% to 36.4%), followed by Yemen (13.3%; 95% CI 7.2% to 21.9%), Niger (13.2%; 95% CI 8.8% to 19.5%) and Burundi (13.1%; 95% CI 8.0% to 20.2%). A number of sub-Saharan African countries, such as Eritrea, Central African Republic, Rwanda, Tanzania, Ethiopia and the Democratic Republic of the Congo, demonstrated an attributable prevalence of stunting related to these joint effects ranging from 10.5% to 11%. Online supplementary appendix 3 provides country-level results.
For maternal depression, the overall estimate for the economic cost by cohort was $14.5 billion for low/ middle-income countries per birth cohort (95% CI −0.11 to 36.8 billion) (table 3) . South Asia demonstrated the greatest cost ($3.6 billion), followed by sub-Saharan Africa ($3.0 billion). For low maternal education, the estimated cost per cohort was approximately $10.0 billion (95% CI 8.0 to 12.1 billion). For IPV, the overall cost for low/middle-income countries was estimated at $8.5 billion (95% CI 6.0 to 11.6 billion); regionally the highest costs related to IPV were for South Asia ($2.7 billion) and sub-Saharan Africa ($2.0 billion). For the cost of orphanhood (which was limited to data from sub-Saharan Africa, India and Mauritius), sub-Saharan Africa's estimate of cost by cohort was $14 million. Overall, the joint cost of maternal depression, IPV and low maternal education was $29.3 billion (95% CI 15.3 to 50.9 billion) per birth cohort. Additional detail is included in the online appendix figures 1-3 on: (1) stunting prevalence BMJ Global Health attributable to combined effect of psychosocial risk factors; (2) PAF of stunting attributable to risk factors, individually and jointly; and (3) relationship of heightfor-age Z scores and prevalence of stunting.
dIsCussIon
The results indicate that 7.2 million cases of child stunting in low/middle-income countries are jointly attributable to low maternal education, IPV and maternal depression. The most vulnerable regions with respect to the burden of psychosocial risk factors on excess stunting among children 2 years of age are South Asia and sub-Saharan Africa. Not surprisingly, these regions in general are coping with relatively greater levels of poverty compared with other developing regions, 25 and suffer from high rates of stunting and exposure to psychosocial risk factors. Low maternal education, which is often coupled with poverty and food insecurity, 27 demonstrated a significant impact within this group of psychosocial risk factors. These findings are consistent with studies that have examined associations of stunting with maternal depression, IPV and maternal education. [13] [14] [15] The lifetime economic cost of neglecting these psychosocial risk factors in low/middle-income countries is significant with an estimated overall joint cost of maternal depression, IPV and low maternal education of $29.3 billion per birth cohort. These estimates of the financial burden associated with these risk factors are based on tracing their relationship with stunting through to lifetime wage income losses, and are driven by the magnitude of the burden of the risk factors, number of stunted children, stunting's relationship with schooling attainment, schooling's impact on wages and the expected lifetime wage income of individuals in each country. This complex pathway demonstrates how exposure to psychosocial risks early in life can result in large accumulated downstream effects at the population level.
Given that our results show that low maternal education and IPV are responsible for a significant excess burden of stunting among 2-year-old children, gender inequality may play a role in childhood stunting. [28] [29] [30] Correspondingly, although there are many potential precipitating factors related to maternal depression, IPV is one key variable. 15 24 In a recent analysis of DHS data from 29 low/middle-income countries, the overall prevalence of IPV (physical and/or sexual abuse) was over 30%. 15 Investment in secondary school education for girls may serve as a preventive mechanism for IPV. 31 This is critical, since it is very difficult to leave an abusive relationship. However, there is some evidence that IPV can be reduced through advancing income-generating initiatives for women. 32 Persistent challenges in access to education and economic opportunities promote gender inequality; this can create the context for higher maternal mortality resulting in orphanhood, since women may have less agency to access antenatal care and delivery with a skilled birth attendant. 33 In addition to access to secondary education among girls, another potential intervention to offset the excess burden of stunting related to psychosocial risks is to provide prevention services and treatment for depression among perinatal women. Increasing access to formal education for girls may potentially reduce the risk of IPV and prevent depression among young women. 34 35 In addition, there is increasing evidence that maternal depression can be readily identified 36 and effectively treated through services provided by trained lay counsellors. 37 More recently, a meta-analysis of strategies to treat maternal depression through the use of non-specialist community health workers found that maternal depression could be effectively treated in resource-limited settings. In addition to a reduced burden of maternal depression, this review also demonstrated an improvement in infant growth which in the long term can result in improved educational attainment as well as economic and food security in adulthood. 37 The key issues are to use evidence-based approaches and to ensure the integrity of the intervention through appropriate training, implementation and supervision. Although IPV may precede depression, treatment of maternal depression can also potentially reduce the recurrence of IPV. Positive coping skills often attained through depression treatment can be used to leave abusive relationships or use problem solving/communication skills to address IPV within the context of the relationship. In addition, addressing maternal depression can also have an effect on more proximal risk factors for stunting, such as poverty and food insecurity, which may be on the pathway between maternal depression and stunting. [38] [39] [40] Despite the fact that treatment strategies for depression have demonstrated to be effective and at relatively low cost when implemented by lay counsellors, 37 the cost of not treating depression can be quite high. This is demonstrated by the current study that found an excess number of cases of childhood stunting in developing countries of 3.2 million and $14.5 billion in unearned wages attributable to maternal depression. There are also a number of other repercussions of untreated maternal depression, including reduced cognitive development of children possibly related to less stimulation provided by the mother. 5 If the woman's income is needed for the household, the mother may not have the capacity BMJ Global Health to work if depression is not addressed. In resource-limited households, this may have a direct impact on food security for the family. 41 Given these contextual issues in resource-limited settings, linking maternal education and entrepreneurship programmes to depression treatment interventions may result in better overall well-being of depressed perinatal women and their children.
Overall, exposure to psychosocial risk factors, including low maternal education, IPV and maternal depression, can result in more than 7.2 million cases of early childhood stunting per birth cohort in developing countries. These findings have significant policy implications. If left unaddressed, the estimated economic cost for future generations is substantial. A number of strategies exist to address these risk factors. One approach that may have a broad impact is increasing access to secondary education among girls. This may offset the risk of other psychosocial risk outcomes through potential prevention of IPV and maternal depression, since increasing access to education among women can to some extent address the pervasive gender inequality that exists throughout the world. Increase in access to secondary education may also increase women's agency, enabling them to attain reproductive health services that may serve to prevent maternal mortality.
However, upstream approaches such as increasing access to secondary education and preventing maternal mortality will not be sufficient. Given the high burden of maternal depression and IPV, there is a critical role in providing treatment and prevention services. If left unaddressed, in some cases children may be orphaned by IPV and maternal depression, which in turn can lead to more excess cases of stunting. These psychosocial risk factors can create a downward spiral for women and their young children. However, addressing the issues upstream through greater access to education for girls, as well as through the necessary downstream approaches of advancing services for maternal depression and IPV, may offset this excess burden of stunting and potentially result in greater educational attainment, economic security and quality of life in the long term for women and their children in resource-limited settings.
limitations There are a number of limitations in this study. The estimate of exposure to maternal depression was based on the prevalence of depression among women of reproductive age. This could lead to a bias in potentially underestimating the stunting prevalence related to maternal depression; however, in settings of high fertility this bias is expected to be fairly small. For orphanhood, information on exposure was only available for 45 countries, which does not allow us to generate global or joint estimates. IPV exposure data were only available at the regional level and the prevalence of IPV may be underestimated, given the risk involved for women if it is reported.
The prevalence of stunting among children age 2 years was estimated by generating conversion factors, which add an additional level of uncertainty. In addition, stunting defined as <−2 SD HAZ may not fully capture linear growth faltering and may be an underestimate of impaired child growth. 42 As all effect sizes were reported as ORs, we assumed that they approximated the RR which will lead to an overestimate of the PAF (and a resulting overestimate of the effect of these risk factors on stunting). Unfortunately, the required information is not available to correct this bias. While the ORs used in this analysis are derived from studies conducted in low/middle-income countries (our area of interest), we assumed that they do not vary by region. Without country-specific meta-analyses generating reliable effect sizes, further refinement of this assumption is not possible; however, not only is this a common assumption, 21 multicountry studies of other childhood risk factors suggest that these effect sizes may not vary substantially by context. 43 In addition, calculation of PAF suggests there is a causal association between the risk factors included in this study and stunting.
Although we cannot assert a direct and immediate causality of individual risk factors, there is sufficient information that these factors contribute to early childhood 'toxic stress', which has demonstrated a significant impact on early child growth and development and supports the inferences made in the study. Uncertainty for the exposures of low maternal education and orphanhood was not available, which means the CIs reported here are underestimated. Although we accounted for the possible mediating effect of maternal depression on the association of IPV and stunting, the potential mediation of IPV on the impact of low maternal education on stunting was not accounted for, given lack of evidence on how much of the effect is indeed mediated. In addition, our estimation of the economic burden associated with each risk factor was modelled only through its impact on stunting, stunting's impact on schooling attainment and schooling's relationship with lifetime wage earnings; we did not estimate the economic impact of risk factors through other pathways. Finally, although we examined the risk factors in terms of burden on childhood stunting, we did not analyse the long-term economic gain of specific treatment or prevention strategies.
ConClusIon
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